Abstract The aim of the study was to determine whether four VDR gene single nucleotide polymorphisms (SNPs: rs1544410, rs731236, rs10735810 and rs4516035) are associated with breast cancer risk in Polish population. Two independent series of female patients were employed: 960 consecutive breast cancer cases, and 800 unselected early onset cases diagnosed under the age of 51. The control group for the consecutive breast cancer cases consisted of 960 healthy, age-matched women with a negative cancer family history. 550 healthy women, aged 51 or less, with negative cancer family history were selected as the independent controls for the early onset breast cancer cases. The frequencies of the VDR polymorphisms in the unselected cases when compared to the respective control population failed to reveal any association between the individual SNPs and disease. Examination of the group of early-onset patients, revealed an association between rs10735810 and increased breast cancer risk. Heterozygous carriers for the change had an OR = 1.73 (95% CI 1.33-2.26, P \ 0.0001) and homozygous carriers OR = 2.34 (95% CI 1.71-3.21, P \ 0.0001). The remaining three examined SNPs failed to show any association with disease risk. In summary, this study has identified an association between the VDR gene and early onset breast cancer risk in the Polish population.
Introduction
The role of vitamin D and its receptor and the risk of breast cancer have not been completely elucidated and the reported data thus far are inconsistent. Studies that focus on the vitamin D receptor (VDR) suggest that polymorphic variants are associated with a change in the risk of developing breast cancer [1] [2] [3] but epidemiological evidence, which focuses on serum levels of 25(OH) 2 D 3 and the active form of the vitamin, 1-25(OH) 2 D 3 remain equivocal. Biological studies of 1-25(OH) 2 D 3 indicate that it has anti-proliferative effects and therefore may be protective against tumour development [4] . Alterations in the bioavailability of 1-25(OH) 2 D 3 may as a consequence adversely affect the risk of breast cancer. Access of 1-25(OH) 2 D 3 is mediated by the VDR and many reports have focused on identifying polymorphisms in this gene that may influence the kinetics of this process [5] [6] [7] [8] .
The VDR gene is located on chromosome 12q12-q14. It contains a minimum of five promoter regions [4] and is comprised of eight coding exons and six untranslated exons [7] . The gene is ubiquitously expressed intracellularly and belongs to the steroid/retinoid super-family of nuclear receptors that mediate the effects of 1-25(OH) 2 D 3 which interact with D-response elements in the promoter regions of genes controlled by vitamin D [9] [10] [11] .
The VDR gene harbours approximately 200 polymorphisms some of which are linked to differences in 1-25(OH) 2 D 3 uptake and therefore can be considered as candidate disease risk variants. The three most commonly investigated polymorphisms in VDR for cancer associations are located in exon 2 (rs10735810/rs2228570 or FokI), intron 8 (rs1544410 or BsmI), and exon 9 (rs731236 or TaqI). The wild type protein is known as the M1 form. The polymorphism located in exon 2 is associated with a second methionine start site that results in a shorter protein receptor known as the M4 form [12] . The two polymorphisms in intron 8 and exon 9 are in linkage disequilibrium and appear to be associated with the binding kinetics of the receptor to 1-25(OH) 2 D 3 [1] . The fourth SNP, rs4516035 located in the promoter region of the VDR gene, has not been studied among cancer patients so far.
In this report we have genotyped on a series of consecutively collected breast cancer patients of any age (n = 960) and a second independent group of breast cancer patients (n = 800) all of whom were under 51 years of age at the time of their diagnosis of disease. The VDR allele frequencies were compared to an age matched cohorts of healthy women who did not have a family history of breast cancer.
Materials and methods

Breast cancer patients
Two groups of breast cancer patients were included in this study. One group consisted of 960 consecutive prospectively ascertained female invasive breast cancer patients with a mean age of diagnosis of 56.5 years, (range 25-88), and a second independent group of 800 prospectively ascertained early onset breast cancer patients all under the age of 51 years, with a mean age of 44.2 years (range 21-50). All women were ascertained from the City of Szczecin and surrounding regions and collected between the years 2002 and 2008. All breast cancer cases were initially identified from the cancer register of the International Hereditary Cancer Center, located in Szczecin.
The study was approved by the ethics committee of the Pomeranian University. The patient was invited to participate in person during her hospital stay or through a mailed invitation. Participation rates exceeded 75%. During the interview the goals of the study were explained, informed consent was obtained, genetic counseling was given and a blood sample was taken for DNA analysis. A detailed family history of cancer was taken (first, and second-degree relatives included) and a risk factor questionnaire was completed. The medical record and pathology report were reviewed.
Controls
Two control groups were established. The first group consisted of 960 healthy women (a mean age 56.5 years, range 25-88) who had a negative cancer family history and were matched for age (±2 years) with consecutive breast cancer cases. The second group consisted of 550 healthy women under the age of 51 who had a negative cancer family history (mean age 45.3, age range 22-50). All women were ascertained from the City of Szczecin and surrounding regions and collected between the years 2007 and 2008.
The healthy adults were assessed as having a negative cancer family history after answering a questionnaire about their family's medical history which was part of a population based study of the 1.5 million residents of West Pomerania to identify familial aggregations of malignancies performed recently by our center. The participation rate for ''matched'' controls was 50%. During the interview the goals of the study were explained, informed consent was obtained, genetic counseling was given and a blood sample was taken for DNA analysis. A detailed family history of cancer was taken (first and second-degree relatives included) and a risk factor questionnaire was completed detailing sun exposure and occupation. Individuals affected with any malignancy or with cancers diagnosed among first-or second degree relatives were excluded from the current study control group.
In order to ensure comparability of the control groups, the allele frequencies of the VDR alleles were estimated separately for adults. Methods DNA samples were obtained from peripheral blood of individuals. All the VDR polymorphisms were analyzed by real-time PCR, using the LightCycler480 from Roche.
The analyses were performed using TaqMan(R) genotyping assay, consisting of sequence specific primers and oligonucleotide fluorescent labeled probes, which enabled amplification of examined fragments and further allele discrimination.
Statistics
In order to evaluate whether the VDR allele variants were associated with breast cancer risk, we performed a study consisting comparison of the allele frequencies the VDR variants between cases groups and the control groups.
Moreover, consecutive breast cancer patients and the control group consisting of adults were examined in two variants, under and over 50-year-old of individuals, thus taking into account gene-environment interactions.
All the estimated results were assessed using a two-tailed Chi-squared test with Yates correction.
The combination of four SNPs generates sixteen possible haplotypes. The relative haplotype frequencies were estimated using the genetic statistical software package haplo.stats for R (http://cran.r-project.org/src/contrib/ Descriptions/haplo.stats.html) as developed by Schaid et al. [13] . The haplotype frequencies are estimated with the help of generalized linear models (GLMs) separately for cases and controls and then compared. The use of GLMs instead of the more extended expectation-maximization (EM) algorithm has the advantage of providing efficient score statistics both for global tests and haplotypespecific tests. Empiric P-values are computed based on 1000 simulations (permutations).
Linkage disequilibrium between the four SNPs was analyzed with the software JLIN (Java LINkage disequilibrium plotter) as developed by Carter et al. [14] .
Results
Cases and controls had similar mean ages at enrolment of the study and all were of Polish ancestry. There were no significant differences in the allele frequencies of the VDR variants in the adults and newborns (data not shown) thereby indicating the stabile nature of the variants in the Polish population. This can be used as a measure to exclude changes in allele distributions in the Polish population in different age subgroups.
There were no differences in the frequencies of the examined SNPs between two adult control groups (OR = 1.0, P [ 0.05).
The assessed allele distributions for all analysed VDR SNPs were in Hardy-Weinberg equilibrium for both the breast cancer and control groups.
The frequencies of the VDR polymorphisms in the unselected breast cancer group when compared to the respective control population failed to reveal any association between the individual SNPs and disease (see Table 1 ).
Examination of the second group of patients, all diagnosed with breast cancer under the age of 51 years did, however, reveal a more complex relationship with the VDR gene. Three of the four SNPs failed to show any association with disease risk, these being rs1544410, rs731236 and rs 4516035. An association was found to exist between rs10735810 and disease risk. Patients heterozygous for the change had an OR of 1.73 (95% CI 1.33-2.26, P \ 0.0001) and breast cancer patients homozygous for this polymorphism had an OR of 2.34 (95% CI 1.71-3.21, P \ 0.0001) (see Table 2 ). Patients harbouring one or more of the variant alleles did not have any difference in their average age of disease diagnosis compared to patients who did not harbour this polymorphism.
Linkage disequilibrium tests revealed similar results to studies of other populations in that rs1544410 and rs731236 were in linkage disequilibrium with each other (LR-Test, 1000 iterations, P \ 0.0001) (R 2 = 0.88; D = 0.96). Haplotype analysis was performed for these two SNPs on the unselected consecutively collected breast cancer group and independently on the group of breast cancer patients diagnosed less than 51 years of age. The results of this analysis reveal that the A-T haplotype of rs1544410 and rs731236 appears to be associated with a decrease in breast cancer risk in the consecutively collected breast cancer patients (OR 0.31 95% CI 0.15-0.63, P = 0.0003), however, the actual number of patients harbouring the ''disease risk'' haplotype was small and it could therefore be a type 1 statistical error. No other possible haplotypes were found to be over-and underrepresented in the unselected consecutively collected breast cancer cases. Haplotype analysis of the patients diagnosed under the age of 51 years failed to reveal any association to disease for all possible combinations of the four polymorphisms studied. There was no difference in the frequency of the A-T haplotype of rs1544410 and rs731236 in the early onset breast cancer patients.
Discussion
There is a growing body of evidence that suggests variation in the level of vitamin D and polymorphisms in its receptor are associated with an altered risk of malignancy. The evidence to date for breast cancer, however, remains controversial as there are not only discrepancies between plasma concentrations of vitamin D and breast cancer risk but also the role of VDR as a risk determinant [15] . The VDR is highly polymorphic and it is currently not known how many polymorphisms are associated with disease nor the level of contribution of each of them. In addition to variance in the bioavailability of 1-25(OH) 2 D 3 few studies have focused on whether or not different sub-categories of patients have the same or different levels of disease risk for each of the VDR variants. Clearly, there are a series of confounding factors that impact on an assessment of the role of vitamin D or its receptor. This report focuses on genetic factors that may influence disease risk. Due to the nature of how the patients were ascertained for this study it is impossible to correct for any environmental factor that may be implicated in breast cancer development.
The results of our investigation in unselected breast cancer cases suggest that neither vitamin D nor its receptor contribute significantly to disease risk. Even though, using haplotype analysis suggests that there may be an association we consider this unlikely at this stage since too few cases were identified carrying the ''protective'' allele. Nevertheless, since we did not examine a larger number of the 200 or more polymorphisms in the VDR gene we can not exclude the possibility that there are other disease associated alleles that affect the likelihood of breast cancer.
With respect to early onset breast cancer risk this is the first large study to identify an association with the M4 form of the vitamin D receptor. It appears that the shorter M4 form of the receptor is associated with an increased risk of breast cancer by virtue of its over-representation in early onset breast cancer patients. Importantly, the predicted presence of both the M4 and M1 forms of the protein were found to be associated with a modest increase in breast cancer risk which became more apparent in homozygote variant carriers, indicating a linear relationship between the three states of the gene. Since this effect was observed only in early onset breast cancer patients and not in the unselected population of patients, it suggests that the underlying pathogenesis of disease is different between the two groups. An important difference between rs10735810 in VDR and the other polymorphisms studied is that this SNP is not in linkage disequilibrium with any other SNP, thereby setting it apart from the other commonly investigated SNPs [1, 2, 4] . This suggests that any affect identified is most likely to be a result of the change imparted by this polymorphism on the functional protein. The M4 form of the receptor has been reported to be more potent than the longer M1 form as it has greater transactivation capacity as a transcription factor [4] . This suggests that increased transactivation in itself may not be sufficient to initiate disease but is capable of promoting disease development. As a consequence of the differences between the M4 and M1 forms of VDR, bone mineral density has been shown to be higher in women harbouring the SNP that is associated with the M4 form [5, 12, [16] [17] [18] . Bone mineral density has been associated with an increased risk of breast cancer [19] [20] [21] [22] [23] [24] and this may explain the over-representation of this form of the receptor in the breast cancer patients diagnosed under the age of 51 years. This is especially important in younger women since in older women there is generally a reduced production of cholecalciferol in the skin in association with a reduction in the levels of estrogen and consequently decreased metabolic activation of vitamin D and expression of VDR. In summary, this study has identified an association between the VDR gene and early onset breast cancer risk in the Polish population. Further work is required to evaluate the relationship between vitamin D and calcium intake in relation to breast cancer risk in pre-menopausal women.
